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ABSTRACT

C-sections are an extremely common procedure in modern day America, and
while there are serious indications for cesarean delivery including complications for
mother and baby, there are likely far more cesareans performed each year than medically
necessary. This A comprehensive literature analysis was compared to individual data
collection from the Center for Disease Control and Prevention’s National Vital Statistics
System. Both the analysis of the literature and the individual data collection confirmed
that cesarean deliveries in the US have increased to from less than 10% in the 1970s, to
over 30% in the years following 2005. Vaginal birth after cesarean delivery (VBAC) is
an alternative option to elective repeat cesarean deliveries. The VBAC rate in the US has
decreased since 1996 opposing the rise of cesarean deliveries. A review of the literature
showed that this decline in VBAC is due to a lack of women attempting Trial of Labor
After Cesarean (TOLAC). A decline in TOLAC is seen from 1995 to 2006. The rate of
TOLAC success has remained constant over the past 30 years. This indicates that the
reason for TOLAC decline is not a decline in success rates but rather due to other factors
such as, maternal fear of labor, risks including uterine rupture or provider mentality, lack
of training or concern for malpractice.
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PERSONAL INSPIRATION

In August of 2018, I attended a Medical Mission trip with a group based out of
Portland, Maine called Partners for World Health (PWH). The group visited Uganda
where we focused on prenatal healthcare for women in multiple different cities
throughout the country. We conducted patient histories and were able to learn about
many of the cultural differences regarding childbirth in a developing country. Gaining a
greater understanding for this culture made me reflect on the fact that women have been
giving birth for many generations, and it made me question why methods have changed
so drastically in developed countries. During the months leading up to this trip, I had
been working to develop a thesis topic. This trip sparked my interest in prenatal
healthcare and obstetrics. I began researching maternal mortality by country. I had heard
that the United States had one of the highest maternal mortality rates within the
developed world, so I began exploring the reasons behind this. The American College of
Obstetrics and Gynecology has stated that the United States is the “only industrialized
nation with a rising maternal mortality rate, and between 2000 and 2014, there was a 26%
increase in the maternal mortality rate” 1 (see Appendix A). Following Latin America and
the Caribbean, North America has the highest cesarean delivery rate worldwide at 32%
increasing from 24.3% in 2000.2 Healthcare has made many advancements over the
recent decades in many scientific fields and while these things would be expected to
improve life expectancy, the U.S. life expectancy has dropped in recent years. While
many medical advancements aid in the birthing process, there have been recent initiatives
to limit the use of unnecessary operative deliveries that can pose major risks.
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I decided to look into the relatively recent recommendation of trial of labor after cesarean
delivery, commonly referred to as TOLAC. A TOLAC that ends in a vaginal delivery is
called a vaginal birth after cesarean (VBAC). As surgical intervention in childbirth
becomes more and more normalized in developed countries the rate of cesarean deliveries
continues to climb. As does any surgery, cesarean deliveries carry many risks such as
infection, hemorrhage, and allergic reactions. VBAC offers an operative-free alternative.
While it has its own risk factors, it does eliminate some risks associated with a cesarean
delivery. I have attempted to explain the decline in the practice of VBAC since 1996 by
examining potential contributing factors, such as reduced rates of trial of labor after
cesarean as well as success rates of those trailing labor after cesarean.
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INTRODUCTION

Background
Approximately four million babies are born each year, a number that has been
slightly in decline since 1990. In the United states in 1990, the number of births per
woman averaged 2.08. In 2016, the average births per woman was 1.80.3 The average
maternal age of a first-time mother is approximately 26 years old. Younger mothers are
more likely to deliver vaginally than older mothers (age 35 and above) who more
frequently opt for a cesarean delivery; even those deemed low risk, who have comparable
risk to younger women. There are many options for method of delivery, a normal
spontaneous vaginal delivery is the most common type of birth in the United States
(U.S.). If there are complications, then procedures to assist delivery include forceps,
vacuum, and C-section. Forceps delivery, uses a spoon-like instrument to guide the baby
out of the vaginal canal; vacuum delivery, utilizes a suction cup applied to the baby’s
head which assists in pulling the baby out, cesarean sections, is a procedure in which the
baby is surgically removed through the mother's abdomen.

Financial Considerations
The average cost of childbirth (including prenatal care, childbirth and postpartum
care) the in the US is $24,921.4 A study published in 2013 analyzed the cost of prenatal,
intrapartum, postpartum, and first three months of newborn care for both vaginal and
cesarean deliveries. This study revealed that the average bill for a vaginal delivery with
commercial insurance was $32,093 while the cost of a cesarean delivery with commercial
insurance was $51,126.4 Costs for both vaginal and cesarean deliveries with Medicaid
3

were slightly below these at $29,800 and $50,374, respectively.4 While a vaginal birth is
clearly more cost-effective, many women don’t have a choice in the matter after facing
possibly life-threatening complications for them or their new baby.

Risks and Complications of Cesarean Deliveries
As C-sections become increasingly more popular in our modern healthcare system
it is important to remember that with any surgical procedure comes risks. One of the
major risks of cesarean delivery is surgical site infection. Infection occurs in up to 15% of
women with C-sections with a 3% maternal mortality rate.5 One study done in Denmark
showed infection in 1.6% of women who had a vaginal birth and a 7.6% infection rate in
women who underwent a cesarean delivery.6
Another risk associated with cesarean delivery is postpartum hemorrhage, when
there is a mass amount of blood loss after birth; often requiring a blood transfusion or
leading to anemia. This occurs between one and six percent of women who deliver by Csection.7 A major study done in Norway showed that women were at a more than doubled
risk for postpartum hemorrhage with a cesarean delivery than with a vaginal delivery
respectively.8
Hemorrhaging can lead to complications, such as unplanned hysterectomy. In
2013, 0.063% of women with a vaginal birth (primary or VBAC) had an unplanned
hysterectomy while 0.21% of women with a cesarean delivery (primary or repeat) had
unplanned hysterectomies.9
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Another risk to surgical intervention is injury to organs. While rare, injury to
organs such as the bladder, intestines or ureters have happened in approximately 0.002%
of women.7
Adhesions or scar tissue can form inside the abdomen causing pain and
discomfort for many women, and for some a surgical intervention is needed. Adhesions
can cause bladder damage, more complications and longer operation times for those
undergoing repeat C-sections.10 A small study in Ghana showed that 51% of women with
one prior cesarean showed adhesions while 62% of women with greater than one
cesarean showed adhesions.10 These adhesions increased the time of operation, the time
of infant delivery and the amount of blood loss for the mothers.10
Local anesthesia is most often used during a cesarean delivery and with any
procedure that uses an anesthetic there is always risk for allergy. A study done in a US
hospital found a 0.15% rate of hypersensitivity for all patients with exposure to
anesthesia. A hypersensitivity reactions is defined as cardiovascular collapse with a
systolic blood pressure less than 50mmHg, requiring administration of epinephrine, (a
vasoconstrictor than aids in the reversal of allergic reactions) or requiring administration
of diphenhydramine, (an antihistamine known as Benadryl).11 While uncommon there are
still cesarean deliveries done under general anesthesia which bring along their own
complications as well, including a higher rate of maternal mortality and fetal distress due
to lack of uterine blood flow.12 The Royal College of Anesthetists recommends that only
5% of elective cesareans should be performed under general anesthesia and 25% of
emergency C-sections.13
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Other factors to note regarding cesarean deliveries are longer average hospitals
stays. Without complications, cesarean patients will stay about 3 to 5 days in the hospital,
while women who delivered vaginally will stay approximately 1 to 2 days.7
One out of every 14 women who delivered by cesarean experienced incisional
pain at least 6 months after delivery.7 While there are many complications with cesarean
deliveries, both vaginal birth and vaginal birth after cesarean can have complications that
can demonstrate a need for a cesarean delivery.

Indications for Cesarean Delivery
One of the common indications for a cesarean delivery is the baby's position in
utero. Breech position (including its multiple variations, such as complete, frank, and
footling breech) (see Appendix C), means that the baby’s head is up and is a sign that the
mother will likely have to undergo a cesarean. Breech position is seen in approximately
4% of pregnancies.14 In a ten-year study done in the US, 3.1% of the population exhibited
a breech position and 33.4% of those were still able to deliver vaginally.15 Transverse
position means that the baby is positioned sideways with the back facing the pelvis.16
This presentation usually indicates a need for a cesarean delivery. Unless the baby moves
on its own or is mechanically turned by the healthcare provider, it is extremely
uncommon to deliver vaginally.16 In the same study, transverse positioning was seen in
approximately 0.12% of pregnancies, and all delivered via cesarean.15 Cephalic
presentation indicates that the baby is head down and is in the best position to attempt a
vaginal delivery. This position is observed in 96.8% of pregnancies.15 There are multiple
variations of cephalic presentation (see Appendix C), including vertex or complete
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flexion, where the occiput is anterior and will enter the birth canal first. This is the ideal
position for vaginal birth. There are multiple types of cephalic malpresentation including
occiput posterior, which is when the baby’s head is down but is facing the mothers front,
which is seen in 5.2% of pregnancies, 61.4% of which delivered vaginally.15 Military
presentation or moderate flexion means the head is not completely tucked and the top of
the head will enter the pelvis first. Brow presentation or extension indicates that the
baby's forehead will first move into the birth canal first. Brow presentation is seen in
approximately 0.14% of deliveries; 18% of those delivered vaginally.15 Face presentation
or full extension indicates that the baby's face will move into the birth canal first. This is
seen in 0.1% of pregnancies, with 42% of those delivering vaginally.15 Other
complications that can occur include placenta previa, where the placenta covers the
cervix. This occurs in approximately 0.5% of pregnant women and a cesarean delivery is
commonly performed.17 Placental abruption, the separation of the placenta from the
uterine lining, is another possible indication for a surgical delivery. Cord prolapse,
though uncommon, is another indication for cesarean delivery. Cord prolapse occurs
when the umbilical cord protrudes through the cervix, therefore when the uterus contracts
it squeezes the cord causing lack of blood flow to the baby. In 2018, the incidence rate of
umbilical cord prolapse was 0.018%.18 Non-reassuring fetal status is a term used to
describe a drop in heart rate or oxygen level of the baby during labor. This is seen when
mothers are admitted to the hospital for delivery and the baby is monitored. If this
monitor determines that the baby is lacking oxygen, experiencing what is called birth
asphyxia, then a C-section may be performed. Cephalopelvic disproportion (CPD)
describes the condition when a baby's head is too large or a mother's pelvis too small for
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natural labor to occur. This diagnosis is made in approximately 0.4% of pregnant
women.19 Preeclampsia is a condition that causes a mother to have high blood pressure
which negatively affects the blood flow to the placenta causing a lack of oxygen to the
baby. Preeclampsia accounts for approximately 15% of all US preterm deliveries.20 If the
condition is severe, it can also lead to the need for a cesarean delivery. One study done
from 1990 through 2001 at a California hospital showed a 26.8% rate of cesarean
delivery in pregnant women with preeclampsia compared to a 15.4% cesarean delivery
rate in patients without preeclampsia.21 These are some of the more common pregnancy
complications that can lead to the need for surgical intervention. While there are many
different complications that can lead to surgical intervention, the likelihood of most of
them is quite low and for those that are higher, such as malpresentation of the fetus, there
are relatively high success rates with vaginal births. Of all presentations during deliveries
in the U. S., cephalic are seen in 96.8%, breech seen in 3-4%, and transverse seen in
0.12%. C-sections can be indicated in approximately 8.6% of these for being malposition cephalic, breech, or transverse. Of these 8.6%, about 50% undergo vaginal
delivery.

Labor and Delivery Physiology and Failure to Progress
The pathways of labor are quite complex meaning that there is a lot of room for
error which could eventually lead to the need for major or minor surgical intervention.
The body’s endocrine system is responsible for controlling the timing and progression of
labor. Estrogen and progesterone are the two most notable hormones during pregnancy
and delivery. As childbirth approaches, estrogen becomes predominant.22 Estrogen is
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likely the most important hormone in childbirth and parturition. Estrogen aids in the
process of prostaglandin synthesis. Prostaglandins cause cervical ripening or the
breakdown of connective tissue, which supports cervical dilation when nearing labor.22
Estrogen also encourages the synthesis of gap junctions needed to transmit signals
between cells. During parturition, a contractile signal is sent via gap junctions from
myometrial cells and smooth muscle cells. The onset of labor and uterine contractions are
stimulated by this electrical signal.22 Another extremely import hormone involved in this
process is oxytocin. Oxytocin receptor expression increases as labor nears, which allows
for a greater receptiveness to oxytocin during labor.22 Oxytocin increases the
concentration of intracellular calcium. Intracellular calcium is able to activate the light
chain kinase of myosin, which stimulates synthesis of actomyosin. Actomyosin is a
contractile protein that aids in smooth muscle contraction, which during labor causes
myometrial contractions.23 If parts of this hormonal pathway don’t function as they
should, contractions could slow or even stop, which leads to prolonged labor.
Prolonged labor or failure to progress is not uncommon for many women.
Prolonged labor is indicated by labor lasting more than twenty hours for first time
mothers or labor lasting more than fourteen hours for women who have given birth at
least once before.24 Failure to progress can be due to many different factors including low
levels of oxytocin, which can cause slowing or stopping of contractions. Other factors
causing failure to progress are mechanical factors, such as premature rupture of
membranes, improper positioning, cephalopelvic disproportion, shoulder dystocia, nuchal
cord, as well as carrying twins or triplets. Rupture of membranes is a normal occurrence
in full term pregnancies; however, when it occurs prematurely or when contractions are
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not occurring, it can cause complications including increased risk of infection and is
recommended that both mother and baby be monitored by a healthcare provider.25 While
there are methods of repositioning a baby in utero, it is not recommended that a mother
push and deliver vaginally when the baby is not in cephalic presentation. Cephalopelvic
disproportion (CPD) can cause harm to both mother and baby if vaginal delivery is
attempted. If a diagnosis of CPD is given, it is recommended that a cesarean delivery be
performed. Shoulder dystocia is commonly associated with CPD. Shoulder dystocia
occurs when a baby’s head passes through the vaginal canal but the baby’s shoulders
become stuck behind the mother's pelvis.26 Treatments for this include maneuvers by a
healthcare provider to try to release the baby’s shoulders, episiotomy, or in some cases a
cesarean delivery.26 Nuchal cord describes the condition when the umbilical cord is
wrapped around the baby's neck in utero. This is a fairly common complication that
occurs in 29% of full-term pregnancies.27 Nuchal cord is usually not described as a major
complication and it is often very safe to have a vaginal delivery; however, in some cases
if the baby is too high or labor is not progressing, a C-section may be performed. A
woman carrying multiple babies, i.e. twins, triplets etc., has a higher risk of
complications leading to a higher rate of cesarean delivery. In 2006, the rate of cesarean
delivery for twins in the United States was 72.9%, while the rate of triplets and higherorder multiples delivered by cesarean was 93.9% compared to the singleton cesarean
delivery rate of 29.6%.28 It is unlikely that complications indicating a need for cesarean
delivery are prevalent enough to explain a cesarean delivery rate over 30% nationwide,
which suggests that a portion of these cesarean deliveries are medically unnecessary.
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Aim of This Study
The goal of this study is to analyze factors contributing to the rise of operative
births in order to potentially address and reduce the need for surgical interventions in
labor and delivery. In 1980, the National Institute of Health (NIH) held a conference
where they released recommendations regarding childbirth, specifically cesarean
childbirth. This report included the endorsement of trial of labor after cesarean (TOLAC)
which, if successful, results in a method of delivery called “vaginal birth after cesarean”
known as VBAC.29 This was developed as a mechanism to reduce the rising rate of
cesarean deliveries in the United States, which in 1970 was 5.5% nationwide and rose to
15.2% over just 8 years.29 While it took some time for the NIH’s recommendation to
catch on, this recommendation was seen as successful for a period of time. From 1970 to
1986, the cesarean delivery rate was steadily increasing at approximately 1.2 points per
year, and after 1986 the national C-section average plateaued and even slightly declined
until 1996 (see Appendix B).30 While the VBAC rate in 1980 (the year the NIH released
their recommendation) was only 3.4%, it steadily increased to 6.6% in 1985.30 From 1985
to 1991, the rate of VBAC increased almost 3% each year.30 The VBAC rate continued to
rise until 1996 where it reached an all-time high of 28.3%.30 After 1996, the rate of
VBAC began to dramatically drop and cesarean deliveries rates began to rise once again.
There was a clear understanding for the drastic increase in VBAC and drop in C-sections
after the 1980 NIH Consensus; however, the sudden reversal in trends is somewhat
unexplained. The aim of this study was to examine what factors may have contributed to
the decline in VBAC in the 1990s and 2000s. Through my own data collection and my
analysis of pertinent literature, I was able to verify the drop in VBAC rate and rise in
cesarean delivery rate. These changes could be explained by a decrease in TOLAC rate
11

and/or the rate of success in TOLAC. I was able to show a decrease in the rate of women
trialing labor after cesarean deliveries, and found that the relative success of TOLAC has
remained constant over this time. TOLAC success since 1998 has been approximately
70% while there may be less women attempting VBAC, the rate of those succeeding has
not decreased; suggesting that if the TOLAC rates were to increase the rate of operative
births would decrease as seen in years 1985 to 1995.
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METHODS

Collection of Data from CDC Vital Statistics Online Data Portal
The CDC’s National Center for Health Statics has a website entitled National
Vital Statistic System which allows public access to birth data files which include data
collected on US birth certificates annually. I downloaded files from 1990 through 2017
and examined them for information pertinent to my research.
The file from 1990 was the first year that included data on national VBAC rates
and 2015 was the most recent year that included this data. The file from 2005 included
the VBAC rate for only thirty-seven US states. The files from 2007 through 2012 did not
include national VBAC rates, therefore they were not included in the data.
I also collected and organized data on annual rate of cesarean deliveries
nationwide. I used the same method of downloading the file from each year from 1990
through 2015. There were no exclusionary years for total cesarean deliveries. This data
was also analyzed in a figure showing rate over time.
In addition to data depicting overall rates in the United States, I also included data
from the state of Maine specifically. Using the same method of downloading data files
from each year from the CDC’s National Center for Health Statics National Vital Statistic
System, I recorded and organized data on average vaginal birth after cesarean delivery
rate from 1993, 1996-2000, 2002-2006 and 2017. Years 1994, 1995, 2001 and 20072016 were excluded due to changes of the Maine state birth certificate and lack of
sufficient data on VBAC rate. Data from the state of Maine was collected on total
cesarean deliveries as well from years 1996-2000 and 2002-2017. Cesarean delivery rate
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in years prior to 1996 and year 2001 were excluded from the data set due to a lack of
reporting on Maine state birth certificates.

Literature Search Inclusionary and Exclusionary Criteria
I began my literary search using PubMed and the University of Maine Fogler
Library database. I included literature in my research that took place in the US, used a
low or no risk population of women, and that was not a comorbidity study. I filtered these
searches by looking at articles published in the last thirty years and that included the full
text online. I frequently found a promising article on PubMed that was not available for
free. I then used the University of Maine Fogler Library database to gain access to these
sources.

Methodologies of Cited Literature
The methods of literature sources include case studies containing data from
multiple hospitals in the US. Other sources used data from the National Vital Statistics
System, a system run by the government which allows for the collection and evaluation
of national statistics using data collected from US birth certificates. Some literature used
data collected from the National Hospital Discharge Surveys, a survey that was collected
each year from 1965 to 2010 detailing relevant information about public health.

Literature on Cesarean Delivery and VBAC Rates Over Time
Using the search criteria, “VBAC rates United States” returned fifty-eight results
on PubMed. From these, I chose to use those that did not include comorbidity studies. My
search still returned quite a few studies from outside the US, so these studies were also
14

excluded. I parsed through sources to find those which included populations of low or no
risk women. I also excluded studies which focused on neonatal mortality and included
those which focused on maternal mortality. From this search, I used seven sources. I
found that literature containing pertinent information and data on VBAC also contained
data on total rates of cesarean delivery; therefore, the same search criteria was used.

Literature on TOLAC Rates and Success Rates
I used similar criteria when researching trial of labor after cesarean to find
additional sources to look at TOLAC rates over time in the US as well as single instance
rates of TOLAC within case studies. Some sources were found using the VBAC search
criteria and also included data on TOLAC.31 Some literature including TOLAC data was
found using the VBAC search criteria but was not included in the VBAC data due to
being single instance rates of VBAC instead of rates over time. However, these data sets
did align with the type of analysis performed for TOLAC rates in this study.32,33 Other
sources were found using the University of Maine Fogler Library Database and the
advanced search criteria, “trial of labor after cesarean United States over time” with “trial
of labor” required in the title and only showing articles from years 1990 or more recent
that were scholarly and peer-reviewed. This search returned 258 sources, which I
reviewed, finding that many of them analyzed specific variables such as costeffectiveness, induction of labor, specific neonatal outcomes among other variables not
applicable to my research. I also found that many sources that were appropriate were also
literature reviews of a few well organized national studies. I examined many literature
reviews references to find literature that specifically fit my research criteria of looking at
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TOLAC rates and success rates in multiple years. I ultimately used six sources regarding
TOLAC and TOLAC success.

Data Presentation and Analysis
I analyzed data I collected from the CDC National Vital Statistics System by
creating a figure that shows the national rate of VBAC through the years and the rate of
VBAC in the state of Maine (Figure 1). Figure 2 includes data on cesarean deliveries
nationwide from my literature review.34–36 These sources did not provide raw data with
their figure so explicit data was taken from the text of the results section of each source.
Figure 2 depicts the total percentage of cesarean deliveries over time from years 1990 to
2013. Figures 1 and 2 are used to introduce the topic of VBAC by explaining the
dramatic rise in cesarean deliveries since 1996.
Figure 3 depicts data collected from the National Vital Statistics System on
national VBAC averages from years 1990 to 2015. It also details the VBAC rate in the
state of Maine from 1993 to 2017. Figure 4 shows the rate of VBAC over time using data
pulled from the text and tables of cited literature sources.31,32,34–37,38 A rate of decline was
calculated from Figure 4 by calculating the slope of each line within the time frame of
1996 to 2007 and averaging them for an overall slope.
Figure 5 shows the rate of TOLAC in the US from 1995 to 2007 with data from
literature sources. An average slope was calculated by finding the slope of each line in
Figure 5 and determining the mean.
Figure 6 illustrates the success rate of TOLAC from 1998 to 2016, based on
literature sources detailing individual studies in the US.
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RESULTS

Cesarean Deliveries increased in the United States and Maine between 1996 and 2009
The total rate of cesarean deliveries in the United States has increased
dramatically in the past thirty years. I analyzed multiple sources examining the rate of
cesarean deliveries since the year 1990 to confirm this rise. Figure 1 depicts the raw data
I downloaded and organized directly from the Center for Disease Control and
Prevention’s (CDC) National Vital Statistics Online Data Portal. The first point in figure
1 shows the rate of cesarean deliveries at 22.7% in 1990.37 In 1996, the national C-section
rate was 20.7%. The C-section rate increased dramatically, at about 0.94 points per year,
until 2009 when it reached a high of 32.9%37 nationwide. Since then, the total rate has
decreased slightly to 31.9% in 2015.37 The gray line depicts data collected on the state of
Maine, showing a very similar trend to the national average. In 1996, the average rate of
cesarean delivery in Maine was 20.8%37 which rose to 30.9%37 by 2011. Since then the
C-section rate in Maine has decreased slightly to 29.9%37 in 2017.
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Figure 1: Rate of Cesarean Deliveries in the US from 1990 to 2015
Data from CDC National Vital Statistics. Black line indicating CD rate per 100 women in the United States
from years 1990 to 2017. Gray line indicating CD rate per 100 women in the state of Maine from years
1996 to 2017.

Next I wanted to observe how this data compared to data on C-section rates over
time in the US from published journal articles. Figure 2 exhibits data pulled from sources
that used information from national birth certificates registered with the CDC34 and
information from the national vital statistic system which catalogs those birth
certificates.35,36 The rate of cesarean deliveries in 1990 was 22.7% (see triangle point on
Figure 2).34 In 1996, the national cesarean delivery rate was reported as 20.7%34,36 and
21%.35 The United States cesarean delivery rate rose at a rate of approximately 0.96
points per year from 1996 until 200934–36 when the national cesarean delivery rate was
measured at 32.9%,34,36 almost one third of all deliveries. Since 2009, the cesarean
delivery rate has decreased minimally from 32.7% in 201136.

18

Figure 2: Rate of Cesarean Deliveries in the US from 1990 to 2013 (Data from Literature Review)
Data from Sabol et al., 2015 in medium gray from 1990 to 2009. Data from Osterman et al., 2014 in black
from 1996 to 2013. Data from Menacker et al., 2010 in light gray from 1991 to 2007.

My analysis of the CDC’s data showed the same trend as the literature that also
analyzed C-section rate data. There is a decline in the cesarean delivery rate nationwide
from 1990 to 1996. From 1996 to 2010, the cesarean delivery rate steadily increases, then
after 2010 the cesarean delivery rate in the US has stayed constant with a slight decline in
recent years.
VBAC decreased in United States and Maine after 1996
With C-sections on the rise, there is an increased opportunity for the decision of
whether or not to trial labor after cesarean (TOLAC). Successful TOLAC is termed
VBAC and no trial of labor after C-section is termed elective repeat cesarean delivery
(ERCD). VBAC is recommended in an effort to reduce potential complications from
operative births. I gathered and analyzed data directly from the Center for Disease
Control and Prevention’s (CDC) Vital Statistic Online Data Portal, a collection of data
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from US birth certificates every year. As shown in Figure 3, the rate of VBAC in the
United States in 1990 was 19.9%.37 The VBAC rate rose gradually until 1996 when it
reached a high of 28.3%.37 Since 1996, the VBAC rate declined until 2005 when it was
measured at 9.2% nationwide.37 The rate of VBAC dropped even more to 7.9% in 2005;
however, only 37 US states were included in the data collection this year.37 From these
data, a clear upward curve is observed from 1989 where the nationwide VBAC birth rate
was approximately 19% until 1996 where it rose to 28%. Then a steep decline is seen
from 1996 through 2005.
This same upward trend was observed in the VBAC rate in the state of Maine,
beginning in 1993 at 27% and increasing throughout the next three years to 30.4%
(Figure 3).37 After 1996, a steep decline in VBAC births occurred nationwide over a
decade. This same decline was seen in Maine as well when VBAC birth rates dropped
from 30.4% in 1996 to 5.5% in 2006.37 Since 2006, there has been a slight increase in
VBAC rates nationally. The same trend is seen in Maine; however, the Maine VBAC rate
has increased more than the nation average, with a rate of 5.5% in 2006 to a rate of
23.8% in 2017.37
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Figure 3: Rate of VBAC Delivery in the US from 1990 to 2015
Data from CDC National Vital Statistics. Black line indicating CD rate per 100 women in the United States
from years 1990 to 2015, excluding years 2006-2012 when VBAC data was not available in National Vital
Statistics online portal. Gray line indicating CD rate per 100 women in the state of Maine from years 1993
to 2017, excluding years 1994, 1995, 2001 and 2007-2016 VBAC data was not available in National Vital
Statistics online portal.

I analyzed six sources reporting the percent of VBAC in the United States over
time. Data was parsed from individual studies reviewing birth certificates from multiple
hospitals in the US,38 nationwide birth certificates registered with the CDC’s National
Vital Statistics System,34,35,39 as well as the National Hospital Discharge Surveys.31,40

VBAC data in these sources spanned the years from 1980 to 2015. In 1980, the
national VBAC rate was 3.4%.40 In 1989, the percent of VBAC births in the US was
18.9%.35 In 1990, it was 19.8%.34 In 1996, the national rate of VBAC births rose to 2828.3%.31,34,35 In 2002, the percent of VBAC births in the US was 12.6%.35 In 2004,
VBAC rates were 9.2% nationwide.35 In 2007, the percent of VBAC births was 9%31 (see
black diamond in figure 4) and 8.3%39 (see light gray circle in figure 4). The national
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VBAC birth rate was at 8.4% in 2008 and 2009.39 In 2010, the VBAC birth rate in the US
was 9.3%,38 in 2012 it was 10.2%,38 in 2014 it was 11.3%,38 and in 2015 it was 11.9%.38
An individual study done in 33 US hospitals showed a VBAC rate of 42.7% in 199838
which quickly dropped to 24.1% in 2002.38 From 1996 to 2007, the rate of VBAC
decreased 2.81 points per year.
Given the consistent and dramatic drop in VBAC rate across the US and in Maine
between 1996 and 2007, I will next analyze possible factors that could have contributed
to this decline during this same timeframe. A likely explanation for the decline in VBAC
rates over those years could be fewer women trialing labor after cesarean.

Figure 4: Rates of VBAC in the US from 1980 to 2015 (Data from Literature Review)
Data from Sabol et al., 2015 in medium gray with vertical line from years 1990 to 1996. Data from
Menacker et al., 2010 in medium gray with X from years 1989 to 2004. Data from Uddin et al., 2012 in
black with diamonds from years 1996 to 2005. Data from National Partnership, 2017 in light gray with
circles from years 2005 to 2015. Data from Signore et al., 2012 in medium gray with diamonds from years
1980 to 1996. Data from Yeh et al., 2006 in dark gray with circles from years 1998 to 2002.
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TOLAC Rates Decline in the United States from 1995 to 2007
The most straightforward explanation for decreasing VBAC in the US after 1996
would be fewer women attempting VBAC. To see if this reasoning could account for the
decreasing rate of VBAC, I analyzed and compared literature from multiple sources. Data
from these sources were taken from the National Hospital Discharge Surveys,31 birth
certificate data from 33 hospitals in the state of New York ranging in size and
resources,38 as well as a clinical study done including 12 clinic centers and 19 hospitals
which covered all regions of the United States American College of Obstetrics and
Gynecology (ACOG) districts.41 Figure 5 shows the rate of trial of labor after cesarean
(TOLAC) in the US from 1995 to 2007. In 1995, the TOLAC rate was 51.8%.31 In 1999,
the TOLAC rate within a clinical study was 48.3%.41 In 2002, the same clinical study
reported a TOLAC rate of 30.7%.41 In 2005, 2006 and 2007, the clinical study described
a TOLAC rate of 28.8%.41 The nationwide TOLAC rate in 2006 was 15.9%.31 In 2005, a
study was published which outlined the declining rate in TOLAC in 33 hospitals in
upstate New York from 1998 until 2002.38 In 1998, the rate of TOLAC was 58.7%,38 in
1999 53.7%,38 in 2000 51.8%,38 in 2001 42.0%,38 and in 2002 35.7%.38 The VBAC rate
from 1996 to 2007 decreased 2.81 points per year (see Figure 4) while the TOLAC rate
from 1995 to 2007 decreased by 2.32 points per year (see Figure 5). Fewer women
attempting TOLAC appears to account for the majority of the decline in VBAC from
1996 to 2007; however, not all of it. This means there are likely other factors contributing
to the decline in VBAC between 1996 and 2007.
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Figure 5: Rates of TOLAC in the US from 1995 to 2007 (Data from Literature Review)
Data from Uddin et al., 2012 in medium gray with squares from years 1995 to 2006. Data from Zhang et
al., 2010 in light gray with circles from years 1999 to 2007. Data from Yeh et al., 2006 in dark gray with
diamonds from years 1998 to 2002.

TOLAC Success in the United States from 1998 to 2016
A decrease in TOLAC success over time would also partially explain the drop in
VBAC in the US after 1996. While there were less women attempting trial of labor after
cesarean, this decline may not account for the total decline in VBAC in the US from 1996
to 2007. I investigated the additional possibility that not only did fewer women trial labor
after cesarean, but that fewer succeeded. I analyzed literature which discussed the rate
and success rate of TOLAC and organized them into a figure (Figure 6). The first was a
study conducted from 1996 to 2000 which included seventeen hospitals in the Northeast
region of the US to assess outcomes of patients trailing labor after cesarean.33 The
TOLAC rate in this study was 53.7% and the success rate was 75.5% in 1996 to 2000.33
The next source I analyzed was a multicenter study on Maternal Fetal Medicine units
which included uniparous women with one prior cesarean.32 The TOLAC rate in this
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study was 29.4% and the success rate was 77.45% from 1999 to 2002.32 Another source
was as a clinical study done including twelve clinic centers and 19 hospitals which
covered all regions of the United States ACOG districts.41 The rate of TOLAC in the
study was 28.8% and the success rate of TOLAC was 57.1% from 2002 and 2008.41 A
study at Ben Taub Hospital in Texas was done from 2009 to 2013 including all women
trialing labor after a cesarean. This study showed a 26.0% trial of labor rate and a 78.1%
success rate.42 The last study was conducted from 1999 to 2002 at 19 hospitals in the US
assessing uniparous women with one prior cesarean.43 This study showed a TOLAC rate
of 41.8% and a success rate of 73.4%.43 These studies, while ranging in TOLAC
popularity, all show a relatively consistent TOLAC success rate during the 1996-2007
window under investigation. There does appear to be a dip in TOLAC success rate in
2008 and 2010, with a TOLAC success rate of 38.3% in 2008,31 but that is interestingly
during the time when VBAC rates were beginning to rise again (see Figures 3 and 4).
Therefore, declining TOLAC success does not seem to be a factor in the reduced VBAC
rates from 1996-2007.
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Figure 6: TOLAC Rates and Success Rates in the US from 1998 to 2016 (Data from Literature Review)
Dark gray bars indicate TOLAC rate seen in years 1998, 1999, 2000, 2002, 2005, 2008 2010, and 2016. A
general decline in TOLAC rate is seen over time. Light gray bars demonstrate TOLAC success rate known
as VBAC seen in years 1998, 1999, 2000, 2002, 2008 2010, and 2016. With only slight variations in
TOLAC success rate overall the rate remained constant.
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DISCUSSION

From my collection of data from the CDC’s National Vital Statistic System as
well as my analysis of other literature sources, it is clear that as the national cesarean
delivery rate rises as the VBAC rate declines in 1996 to 2006 (see Figures 1, 2, 3, and 4).
One explanation for this dramatic decline in VBAC rates is the decrease in women
attempting VBAC also known as trialing labor after cesarean (TOLAC). From 1995 to
2007, the TOLAC rate has been steadily dropping (see Figure 5). The success of
TOLAC, however, has stayed relatively constant from 1998 to 2016 (see Figure 6). If the
success of TOLAC is not declining, there must be other explanations for the decline in
TOLAC since 1996. I will discuss other factors that may contribute to the VBAC and
TOLAC decline.
Likely Factors Contributing to the Decline in Trial of Labor After Cesarean Delivery
Maternal Mentality
The recommendation from the World Health Organization (WHO) in 1985 was to
have a 10-15% rate of cesarean deliveries worldwide.44 This decision came from average
rates in northern European countries, which had the lowest rates of maternal and infant
mortality.44 Most developed countries, including the US, are far above if not double this
suggested rate. Much of the increase in these cesarean deliveries is seen in non-medically
indicated C-sections of middle or upper-class populations.2 This rising use of nonmedically indicated cesarean deliveries, also known as cesarean delivery on maternal
request, among women is due to anxiety towards labor; fear of pain; safer, easier, more
controlled environment; and even considered high-class and fashionable.45 There is also
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the population of women who have elective repeat cesareans, meaning they choose to
have another cesarean after having had one previously. This is increasingly popular and
one of the large contributors to the overall rise of cesareans. Many “elective” C-sections
are not truly elective and are often recommended by healthcare providers for the health
and safety of mother and baby.

Uterine Rupture
Fewer women attempting TOLAC after 1996 could be explained by the higher
rates of uterine rupture in TOLAC patients. A concern with TOLAC is the potential for
uterine rupture due to the presence of scar tissue from the prior cesarean. The likelihood
of uterine rupture during TOLAC versus elective repeat cesarean deliveries (ERCD)
seems to vary by study. From 1996 to 2000, a study examined uniparous women with one
previous cesarean in medical centers in the northeast region of the US.33 This study found
a uterine rupture rate of 0.9% in TOLAC patients and uterine rupture rate of 0.004% in
ERCD patients.33 In 2010, a study was published by the ACOG reviewing over 3,000
sources to compile results of both maternal and neonatal outcomes with different delivery
types.34 The study found that 0.47% of TOLAC result in uterine rupture while ERCD had
a uterine rupture rate of 0.03%.34 A collection of data nationwide from the CDC’s
national Vital Statistics showed a uterine rupture rate of 0.044% in the TOLAC
population and a rate of 0.089% in the repeat cesarean population.9 These different
results are likely due to differences in populations. It is likely that women with failed trial
of labor who had a uterine rupture ended up in the repeat cesarean population therefore
increasing the uterine rupture rate of that population and decreasing the rate of uterine
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rupture in the TOLAC group. The higher rate of uterine rupture in women attempting
TOLAC could contribute to the drop in TOLAC in the US.
Provider Mentality, Work-Life Balance, Training, and Malpractice History
Another factor that could contribute to the decline in TOLAC in the US is
provider mentality. Provider mentality is likely influenced by resources, training,
malpractice history, and work-life balance. There are many hospitals and providers that
do not offer TOLAC as an option for mothers. With the practice of TOLAC dwindling,
the opportunity to teach techniques and methods to students and young healthcare
providers also decreases. This is likely to contribute to the decline in TOLAC nationwide.
If young healthcare providers do not have enough experience or are not adequately taught
the practice of TOLAC then it is likely to keep decreasing in the future. The ACOG
guidelines recommend that resources for an emergency cesarean delivery be immediately
available.46 While this is easily achieved in large urban hospitals; in some smaller more
rural hospitals this is often a deterrent for providers to recommend TOLAC. I analyzed
data specific to the state of Maine as a personal anecdote and because in 2010 Maine was
reported to be the most rural state in the US with 61.3% of the population residing in
rural areas.47 Because of this I was interested in observing if VBAC rates in Maine varied
from the national rates in the US, which in 2010 was defined as 80.7% urban.47 Overall
the VBAC rate in the state of Maine parallels the country well with only slight variations
from 1990 to 2006 at less than ± 5% (see Figure 3).
Medicolegal issues may also contribute to the decline in TOLAC rate. One study
shows that VBAC births are 1.2-1.9% less likely if the physician has faced legal barriers
in the past such as medical malpractice reports or lawsuits.48 A compilation of medical
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charts from the Forensic Medical Advisory Service in 1992 and 1993 showed that the
overall cesarean delivery rate dropped dramatically if delivery occurred on a weekend
day. Cesarean delivery rate on a weekday ranged from approximately 17% to 21%, while
cesarean delivery rate on Saturdays and Sundays remained below 10%.49 This data
indicates that clinician work-life balance may be a factor in non-clinically recommended
cesareans.

Sources of Error and Future Directions
In this study, one source of error was the possible duplication of data sets due to
ambiguity in method sections of literature sources and the inability to verify this
duplication due to the permanent shut down of the CDC’s “data access tool VitalStats”
which many sources cited as a reference. The site now gives a link to the “Vital Statistics
Online Page” and “CDC Wonder” which allow open access to birth and fetal death data.
This is where I collected my data on cesarean delivery rates and VBAC rates. It is likely
that some data sets were duplicates since many of them came from national data collected
by the CDC from birth certificates. I chose to analyze my data collection and data from
my literature review by comparing both sets in relevant years and the trends of the data
over time. I had originally planned to do a statistical analysis where I would average rates
from my data collection and those of my literature review and find the standard deviation
between them; however, after realizing that there may be duplicate data sets I felt this
was not an appropriate analysis and portrayal of the data.
Another point to make note of is the widespread of populations in the literature
used in Figure 5. Populations used vary in specific maternal trails and characteristic such
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as no-risk or low-risk groups as well as very in geographical location and type of
hospital, i.e. large teaching hospital, smaller clinics or rural hospitals. While these
sources are all scholarly and reputable, their population’s locations were slightly varied,
one from National Hospital Discharge Surveys which asses all states, one from only areas
of New York state, and one which assessed data from clinic centers and hospitals varying
in location across the country. It is important to note that the population of women
included in the studies were all comparable, low-risk women with a prior cesarean
delivery. Similar issues arose when analyzing data on the success rates of TOLAC in the
US. While there are many published studies detailing the success of TOLAC in specific
geographical areas or in types of hospital i.e. rural, urban, or large teaching hospital,
information via the CDC on standardized birth certificates will give the most accurate
report on the rate of TOLAC success.
There is an extensive amount of future research to be done about this topic
including the compilation of data for the success rates of TOLAC over time in the US.
Research should be continued on topics such as, complications with C-sections and
VBAC including uterine rupture, post-partum hemorrhage, unplanned hysterectomy and
maternal mortality.

Conclusions
Through my own data collection via the CDC’s Nation Vital Statistics System
Online Portal, I was able to confirm the rise in cesarean delivery and the drop in VBAC
rates in the United States after the year 1996. To answer the question of why the VBAC
rate has dropped so dramatically, I looked at the number of women attempting VBAC or
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trialing labor after cesarean delivery (TOLAC). The rate of TOLAC in the US has also
declined since 1996; therefore, the decline in VBAC is likely due to a decline in TOLAC.
To explain why less women are trial labor after cesarean, I examined the success rates of
TOLAC. Through literature analysis, I found that the success rates of TOLAC in the US
have remained constant since 1998, indicating that a decline in success of TOLAC is not
the cause of the overall decline in TOLAC. Contributing factors to the decline in TOLAC
may be maternal mentality and fear of labor, risk of complications such as uterine
rupture, as well as provider mentality, training and concern for malpractice. My research
suggests that if the national TOLAC rate were to increase, than ultimately, the rate of
operative births (cesarean deliveries) would likely drop. This would likely reduce the rate
of non-medically necessary cesarean deliveries and the complications that can arise from
them.
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SYNTHESIS

In 1996 the United States the rate of vaginal birth after cesarean delivery reached
an all-time high of 28.3%;37 however this did not last long when the rate began dropping
at more than 2 points per year until 2006. This study attempted to examine the cause of
this steep decline in vaginal birth after cesarean delivery. First, the rate of cesarean
delivery in the US between 1990 and 2017 was examined, confirming the rise in number
of C-sections nationwide from 1996 to 2009. Next the decline in VBAC was studied,
which confirmed the decline from 1996 to 2006. In an attempt to understand the reason
behind this drop in VBAC in the US the rate of women trialing labor after cesarean
delivery was analyzed. Results showed that the rate of TOLAC in the US from 1995 to
2006 dropped. To examine if this drop in TOLAC may be responsible for the decline in
VBAC from 1996 to 2006, TOLAC success rates were researched. In the timeframe of
1996 to 2006 the data shows that TOLAC success rates remained constant; with trial of
labor after cesarean delivery being 60-80% successful. This data suggests that VBAC
rates from 1996 to 2006 dropped due to a lack of women attempting TOLAC not due to a
decrease in success TOLAC.
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APPENDIX A: Maternal Mortality Rates in the US

Figure 7: Maternal Mortality Rates in the US
Gray line indicating maternal mortality rate in the United States from years 1990 to 2016 from CDC:
Pregnancy Mortality Surveillance System.50 Black line indicating maternal mortality rate in the United
States from years 1990 to 1997 from Healthy People 2000.51
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APPENDIX B: Cesarean Delivery and VBAC Rates in the US

Figure 8: Rates of Cesarean Delivery and VBAC from 1970 to 1996
Black line indicates national cesarean delivery rate from 1970 to 1996. Light gray line represents national
VBAC rate from 1970 to 1996. Data from CDC Morbidity and Mortality Weekly Report.30
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APPENDIX C: Fetal Presentations

Variations of breech presentation

Four types of cephalic presentation
Image from: Maternal, fetal, and neonatal physiology: A clinical perspective52
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